Metabolic processes involving side-chain and ring cleavage of progesterone, 17-hydroxyprogesterone, 11-deoxycortisol and 16-dehydropregnenolone by Arthrobacter simplex were studied. The formation of the metabolites from progesterone indicates a pathway somewhat different from normal in the enzymic reaction sequence, and the 17-hydroxyprogesterone metabolites reveal a non-enzymic rearrangement step. The presence of a hydroxy group at C-2 1, as in 1-deoxycortisol, induces reduction of the C-20 carbonyl group.
Microbial scissions of carbon-carbon bonds are of much interest, as cleavage of side chains of widely available phytosterols and of the acetyl side chains of pregnanes to give C19 steroids are commercial processes (Kieslich, 1980; Smith, 1984; Mahato & Mukherjee, 1984; Mahato & Banerjee, 1985) . Whereas degradation of phytosterol side chains proceeds via f-oxidation (Martin, 1977) , the cleavage of the acetyl side chain of progesterone has been shown to be via oxygen-insertion reactions of Baeyer-Villiger type (Rahim & Sih, 1966) . Microbial side-chain and ring fission of phytosterols and pregnanes easily derivable from phytosterols and steroid sapogenins have received considerable attention for the preparation of useful precursors for convergent synthesis of pharmaceutically interesting retrosteroids (9, , lOaconfiguration) . A number of microbial strains, mainly of the genera Nocardia, Mycobacterium, Arthrobacter and Pseudomonas, have been developed for the synthesis of the precursors for retrosteroids from sitosterols (Schomer et al., 1978; Knight & Wovcha, 1979 , 1981 , cholesterol (Nakamatsu et al., 1980; Ferreira et al., 1984) and bile acids (Leppik, 1981) , and the mechanisms of formation of these products have been elucidated (Gibson et al., 1966; Sih et al., 1966; Schomer et al., 1978) . However, less work has been done on the microbial side-chain and ring fission of pregnanes. Moreover, production of the precursors for retrosteroids from pregnanes by any Arthrobacter species has not hitherto been reported. The present paper reports the preparation of these steroids from several pregnanes by Arthrobacter 0.1 %; MgSO4, 0.01O; glucose, I %; pH 7.0. The mycelia of each flask were then harvested by centrifuging, washed with 0.500 NaCl solution and suspended in a 500 ml Erlenmeyer flask containing 100 ml of 50 mMTris/HCl buffer, pH 7.5. A total of 1 g of progesterone dissolved in acetone (60 ml) was evenly distributed among the 20 flasks containing the buffer, the enzymic inhibitors were added at the required concentrations, the flasks were plugged with cottonwool and the fermentation was continued for 40 h at 37°C in aerobic conditions with shaking. The course of the incubation was monitored by t.l.c. The other steroid substrates were also incubated in the same experimental conditions used for progesterone. Extraction and isolation of metabolites After the end of the fermentation the fermentation mixture was harvested and exhaustively extracted thrice with equal volumes of chloroform. The organic layer was washed with distilled water, dried over anhydrous Na2SO4 and evaporated under reduced pressure. After complete evaporation of solvent a semi-solid residue was obtained. A little of the residue was dissolved in 1 ml of chloroform and analysed by t.l.c. on silica-gel plates (Merck 60HF254) with chloroform/ethyl acetate/methanol in different proportions as the developing solvent system. The individual metabolites were separated and purified by column chromatography over silica gel and preparative t.l.c. followed by crystallization. The characterization of the metabolites was carried out by the application of various spectroscopic techniques, e.g. u.v., i.r., 'H n.m.r., 13C n.m.r. and m.s. The very-well-known steroids were identified by t.l.c. comparison with authentic samples.
Transformation of 16-dehydropregnenolone (XIII). Fermentation of 1 g of 16-dehydropregnenolone and isolation of the metabolites, pregna-1,4,16-triene-3,20-dione (XIV) and 17/3-hydroxy-16ac-methoxyandrosta-1,4-dien-3-one (XV), were done as described above. The yields of the two metabolites (XIV) and (XV) were 20 and 350 respectively. 4, . This crystallized from ethyl acetate as needles, m.p. 208-210°C and [a]25 + 1130 (c 0.35 in chloroform) [Shull (1957) . The metabolites, Al-testosterone acetate (III), A'-testosterone (IV) and androstadienedione (V) were characterized by direct comparison (m.p., co-t.1.c. and i.r.) with authentic samples. The physical and spectral data of the metabolites 3-hydroxy-9,10-secoandrosta-1,3,5(10)-triene-9,17-dione (VI) and hexahydro-5a-hydroxy-7a,8-methyl-3aa-H-4x-(3'-propionic acid)-indan-1-one 8-lactone (VII) were in good agreement with the literature values (Sch6mer et al., 1978; Owen et al., 1984) . The "3C-n.m.r. chemical shifts of these compounds were compatible with their structures and could be completely assigned by comparison with those of compounds with similar carbon atoms. It was observed by Dodson & Muir (1961) that incubation of androst-4-ene-3,17-dione with different species of micro-organisms involved 9ac-hydroxylation followed by Al-dehydrogenation (or vice versa) with the formation of metabolite (VI). Subsequently Wang & Sih (1963 ), Gibson et al. (1966 and Lee & Sih (1967) progesterone -+testosterone acetate -+testosterone androstenedione --androstadienedione -further degrad- ation (Rahim & Sih, 1966 and also by determination and assignment of its 13C-n.m.r. values (Table 2 ). The results demonstrated that the strain of A. simplex possesses altered specificity with respect to the steroid side chain.
Metabolism of 16-dehydropregnenolone (XIII)
A novel microbial conversion of 16-dehydropregnenolone by the strain of A. simplex into a new androstane analogue, 17,8-hydroxy-16a.-methoxyandrosta-1,4-dien-3-one (XV) along with the isolation of an intermediate, pregna-1,4,16-triene-3,20-dione (XIV), was achieved. The microbial preparation of compound (XIV) from 16-dehydropregnenolone is the subject of a U.S. patent (Shull, 1957) . The structure determination of compound (XV) was accomplished by the analytical and spectral data of the compound and also of its 17-acetate.
The presence of a hydroxy group in compound (XV) was evident from its i.r. spectrum, and a singlet integrated for three protons at 3.34 p.p.m. revealed the presence of a methoxy group. The 'H-n.m.r. spectrum also displayed peaks at 6.08 (br s, 1H), 6.23 (dd, 1H, J = 2 and 10 Hz) and 7.03 p.p.m. (d, 1H, J = 10 Hz) assigned to C-4-H, C-2-H and C-1-H respectively. The 13C-n.m.r. data (Table  2 ) of compound (XV) suggested the orientations of the 17-hydroxy and 16-methoxy groups as shown, taking into consideration their substituent effects (Eggert et al., 1976) on the 18-methyl group and C-14 respectively. Assignments of the 13C-n.m.r. signals of compound (XV) were made on the basis of their chemical shifts, offresonance studies and comparison of the shift data with those reported for 17,f-hydroxyandrosta-1,4-dien-3-one (Hickey et al., 1980) . It is noteworthy that the C-12 resonance of compound (XV) is shifted upfield by 6.5 p.p.m. upon introduction of the 16ac-methoxy group. The 1H-n.m.r. spectrum of the acetate of compound (XV) 17, 20l, pregna4, 4, , 17fp-hydroxyandrosta-1,4dien-3-one (IV), 16a-methoxy-17f1-hydroxyandrosta-l,4dien-3-one (XV), 3-hydroxyoestra-1,3,5(10)-trien-17-one (XVII) and 3-hydroxy-9,10-secoandrosta- (Smith, 1984 Vol. 255 (XlIl) (XIV), which is followed by degradation of the acetyl side chain involving Baeyer-Villiger-type oxygenation (Rahim & Sih, 1966) and hydrolysis by an esterase to yield compound (XV). Although methanol was not used at any stage in the work-up, its generation by degradation of 16-dehydropregnenolone by the bacterium may be assumed, as an A. simplex strain is known to produce methanol in a similar way (Donnelly et al., 1981) . It may be mentioned that, although the micro-organism is capable of metabolizing A'-testosterone, the metabolite (XV) was not degraded further even after incubation with the strain for 96 h. The presence of the 1 6a-methoxy group perhaps inhibits enzymic 9a-hydroxylation of compound (XV), which is essential for the generation of ring-cleavage products. The microbial preparation of the biologically potential compound (XV) is ofmuch interest, and the generation of a methoxy group involving a double-bond transformation in the steroid skeleton has here been observed for the first time. Moreover, the generation of enzymes of such diverse character by the same organism is a novel observation that should be useful in further biochemical investigations.
